This study aims to evaluate the environmental factors determining of the changes in phytoplankton structure in spatial (upper, middle and lower course) and seasonal (dry and rainy period) scales in a eutrophic river (Almada River, northeastern Brazil). In the study period, total accumulated rainfall was below of the historic average, resulting in flow reduction, mainly in rainy period. High orthophosphate concentration was found at the sampling sites. Phytoplankton chlorophyll a increased from upstream to downstream. Geitlerinema splendidum (S1) and Chlamydomonas sp. (X2) were the most abundant species in the upper course and several species of diatoms (D), Euglenophyceae (W1, W2) and Chlorophyceae (X1) in the middle and lower course. The functional groups were found to be characteristic of lotic ecosystem, shallow, with low light availability, rich in organic matter and eutrophic environments. We conclude that phytoplankton community structure was sensitive to change of the river flow and nutrient availability in spatial and seasonal scale in a tropical river.
Introduction
The phytoplankton structure is strongly influenced by physical factors in stream ecosystems (Reynolds, 2000) . Water flow is the main hydrological factor determining the phytoplankton structure (named potamoplankton, in rivers), mainly because it can act on numerous environmental factors controlling the community dynamics (Reynolds, 2000) . The water flow fluctuation could allow the exchange and recruitment of species, and can also determine the maintenance of algae in suspension (Reynolds and Glaister, 1993; Reynolds, 2000) . Furthermore, water flow can influence environmental conditions, such as turbidity, turbulence and residence time, which may change the phytoplankton structure (Allan and Castillo, 2007; Hilton et al., 2006) . The response of rivers to excess of nutrients depends mainly on the water residence time because rivers with long-retention time tend to be dominated by phytoplankton and rivers with short-retention time tend to be dominated by benthic and periphytic algae (Hilton et al., 2006) . Therefore, changes in the natural flow regime combined with human activities can easily lead to river eutrophication (Dodds, 2006; Ha et al., 1998) . Despite increasing eutrophication problems in rivers (Dodds 2006) , studies on the phytoplankton community structure are scarce, particularly in tropical and subtropical regions (e.g. Soares et al., 2007; Devercelli, 2010; Moura et al., 2013) .
Studies have shown that phytoplankton species are very sensitive to physical and chemical changes in stream ecosystems, including findings indicating that the composition of the phytoplankton responds to different human impacts on temperate rivers (Leland, 2003; Abonyi et al., 2012) . The phytoplankton may be an important predictor of environmental impacts on rivers (e.g. Abonyi et al., 2012) , as also reported for reservoirs (e.g. Crossetti and Bicudo, 2008) . There is a consensus that an increase in nutrients availability, especially phosphorus, is prerequisite to trigger eutrophication, however the relationship between resource availability (light and nutrients) and hydraulic drag need to be better understood in rivers (Hilton et al., 2006) .
The phytoplankton response to environmental changes can be detected through various structural characteristics such as species diversity and biomass (Reynolds, 1996) . In order to better predict the anthropogenic changes in the environment, Reynolds et al. (2002) grouped phytoplankton species within functional groups based on physiological, morphological and ecological attributes. In a review literature, Padisák et al. (2009) reported on the application of functional groups in lotic and lentic ecosystems. In tropical region, this approach has been successfully applied to phytoplankton of eutrophic (Crossetti and Bicudo, 2008 ) and oligotrophic reservoirs (Lopes et al., 2005) as well as to identify environmental conditions changes in rivers (Soares et al., 2007; Devercelli, 2010) .
According to Hilton et al. (2006) , the eutrophication is reasonably well understood in lakes, but knowledge of this process in rivers is still limited. Considering that the excessive increase of phytoplankton is one of the main consequences of eutrophication, the present study aims to evaluate the spatial and temporal variability of phytoplankton in a eutrophic tropical river (Almada River, northeastern Brazil). This work also addresses to identify the main drivers of changes in the phytoplankton structure, as well as identify the functional groups (Reynolds et al., 2002) with the variation of hydrological and limnological conditions.
Material and Methods

Study area
The Almada River is the main course of the Almada River Basin in Bahia State, northeastern Brazil (Figure 1 ). This basin is located in the Environmental Protection Area and includes extensive cocoa plantations in forest fragments (53.85%), as well as extensive pastureland (20.49%), preserved areas of Atlantic Forest (16.32%) and "restingas" and mangroves (0.7%) (Silva and Gomes, 2010) . Eight cities are situated partially or totally in the Almada River Basin and five of these, ranging from 6.357 to 184.236 in inhabitants, are situated on the banks of the Almada River, or its tributaries (IBGE, 2013) . The Almada River is 138 km long with a drainage area of 1.545 km 2 . The morphometric, human occupation and land use data, as well as general characteristics are summarized in Table 1 . In terms of hydrology, the Almada River is perennial and presents historical average annual flow of 13.9 m 3 s -1
, but in some severe drought periods zero flow has been recorded (Torres et al., 2001) . The Almada River water and its tributaries are intended primarily for public supply and watering animals. The climate is tropical humid rainy (Kӧppen: Af). Two climatic seasons can be characterized over a year: a dry season with a lower average monthly rainfall (96 mm) and air temperature (20 °C) (May-September) and a rainy season with a higher average monthly rainfall (172 mm) and air temperature (25 °C) (October-April) (Torres et al., 2001) . During the study period, the climate phenomenon El Niño changed precipitation patterns of the rainy season.
Sampling and methods
For the evaluation of limnological conditions and phytoplankton of the Almada River six sites were selected for sampling: site 1 (at upper course), sites 2 and 3 (at middle course), sites 4, 5 and 6 (at lower course) (Figure 1 ) during the study period was obtained from two fluviometric stations (ANA, 2015) . Samples were collected on the subsurface of the water column to determine the following variables: temperature, pH, electrical conductivity (WTW 3401 multi-parameter probe); dissolved oxygen (Oximeter Hanna HI 9146); total suspended solids (TSS) (Strickland and Parsons, 1972) , nitrite, nitrate and ammonium (DIONEX -ICS1000), orthophosphate and silicate (Grasshoff et al., 1983) .
Water samples for determining of chlorophyll a were filtrated in a glass fiber filter GF/F and extraction was made by 90% acetone (Parsons et al., 1984; Wetzel and Likens, 1991) . Samples for qualitative and quantitative phytoplankton analysis were fixed with formalin (4% final concentration). Keys specialized were used for taxonomic identification, such as Bicudo and Menezes (2006) , Anagnostidis (1999, 2005) , Komárek and Fott (1983) and Tell and Conforti (1986) . Phytoplankton was counted using an inverted microscope with 400X magnification (Nikon Eclipse T5100) following the Utermöhl method (Utermöhl, 1958) . Counting limit was determined by the species rarefaction curve and the minimum count of 100 individuals of the most abundant species. Species with relative density greater than or equal to 15% of the total density in each sampling unit were considered descriptor species. The descriptor species with the higher density in each sampling unit were classified into functional groups sensu Reynolds (Reynolds et al., 2002; Padisák et al., 2009) .
Principal Component Analysis was performed to summarize of the physical and chemical variables, using a correlation matrix for log transformed data (log [x+1]). Canonical Correspondence Analysis (CCA) was performed to evaluate the effect of abiotic data on the phytoplankton descriptor species, using matrices log transformed data (log [x+1]). Multivariate analyses were performed in PC-ORD 6.0 (McCune and Mefford, 2011).
Results
In the dry season, the maximum rainfall occurred in Table 1 summarizes the limnological conditions at the sampling sites during the study period. The highest values of dissolved oxygen occurred in the middle course of the river, particularly at site 2. Site 1 always presented the highest conductivity values. In relation to dissolved nutrients, the highest ammonium concentrations were always found in site 4 and orthophosphate concentration was high at all the sampling sites during the study period.
The Principal Component Analysis (PCA) of physical and chemical characteristics in water summarized 53.9% of the data variance in the first two principal components ( Figure 3 ). The permutation test was significant for axis 1 and 2 (p < 0.05). On the positive side of axis 1 were ordered all sampling units of site 1 (upper course) and all of December (except 3D) and February (rainy season), which were correlated with higher values of conductivity, silicate, 4.1 ± 2.1 5.6 ± 1.4 3.2 ± 1.9 3.8 ± 2.2 4.9 ± 2.4 3.1 ± 1.6
(2.1-6.5) (3.7-7.7) (0.5-5.8) (0.3-6.0) (1.5-7.8) (1.1-5.6) pH 7.1 ± 0.4 6.9 ± 0.4 6.6 ± 0.4 6.2 ± 0.2 6.2 ± 0.4 6.0 ± 0.4 (6.5-7.6) (6.5-7.3) (6.2-7.3) (5.9-6.5) (5.6-6.6) (5.4-6.5) pH and water temperature (r ≥ 0.6). On the negative side of the axis 1 was ordered most sampling units of the middle and lower river course, which were correlated with nitrate (r > -0.6) and orthophosphate (r > -0.5) concentrations. Axis 1 mainly showed the seasonal variation of water conditions, showing the differences between site 1 and the others. On the positive side of axis 2 were ordered most dry season months, which were correlated with higher flow and silicate concentration (r > 0.6). In contrast, most rainy season months were correlated with higher temperature values and ammonium concentration (r > -0.5). Axis 2 also showed the seasonal scale.
Conductivity
The highest phytoplankton chlorophyll a and density values were found in the rainy season (Figure 4a, b) . At site 1 was observed only very high density values in December 2009 and February 2010. During the dry season, phytoplankton chlorophyll a and density values were 2-9 times higher in site 6 (lower course) than the other sites. Phytoplankton chlorophyll a values increased from upstream to downstream.
Bacillariophyceae and Cyanophyceae showed high relative abundance (on average 44% and 30%, respectively) in phytoplankton during the dry season (Figure 5a) . Euglenophyceae (36%, on average), Bacillariophyceae (25%) and Chlorophyceae (19%) were the most representative in the rainy season. Algal class relative abundance fluctuated greatly in longitudinal scale, but site 2 was characterized by dominance of Bacillariophyceae (range: 75-93%), except in June due to co-abundance with Cyanophyceae.
Density of phytoplankton descriptor species varied along a spatial scale during the study period (Figure 5b ). However, some species had markedly high relative density in all sampling sites, such as Geitlerinema splendidum (Greville ex Gomont) Anagnostidis, Trachelomonas volvocina Ehrenberg and some diatoms (e. g. Nitzschia spp. and pennate diatom n. i.). Geitlerinema splendidum was dominant in August and October (61%) and abundant in the other months at site 1 (upper course). Site 2 (middle course) showed high relative diatom abundance (except in June), which presented three species alternated in representativeness (pennate diatom, Cyclotella sp., Nitzschia spp.). During the study period, T. volvocina showed high relative density mainly in sites 3 and 4, but the species was dominant only in site 3/February. Euglena variabilis G. A. Klebs and Chlamydomonas sp. occurred exclusively in the rainy season. G. splendidum, Monoraphidium contortum (Thuret) Komàrková-Legnerová and T. volvocina density were 22, 28 and 9 times, respectively, greater in the rainy than in the dry season.
The evaluation of phytoplankton functional groups (Reynolds et al., 2002) showed a predominance of the group S1 in site 1 and group D in site 2 (Table 2) . Group X2 showed high density only in site 1 (rainy season). Although the other sites present a mixture of functional groups (F, Lo, Sn, W1, W2, X1, X2,), site 6 had the highest Sn density during the rainy season (October and April -high rainfall).
The Canonical Correspondence Analysis (CCA) was performed with 7 environmental variables and 24 descriptor species ( Figure 6 , Table 2 ). The eigenvalues of axis 1 and 2 were 0.385 and 0.300, respectively, explaining 20.3% of the total variance in the axis. The species-environment Pearson correlation coefficient for axis 1 and 2 indicated a strong relationship between species distribution and environmental variables (r > 0.8). The Monte Carlo permutation test showed that the correlation between the species and environmental conditions was statistically significant at axis 1 and 2 (p < 0.05).
Situated on the positive side of axis 1 were all sampling units of site 1 (upper course), which were correlated with higher silicate concentration and pH and conductivity values (r = 0.65 to 0.95). According to the centroid property of CCA, Chlamydomonas sp., Geitlerinema splendidum and Romeria sp. were closely associated with site 1. The other sampling sites were located on the negative side of axis 1 and were correlated with higher nitrate and phosphate concentration (r > -0.40). All units of the dry season were situated on the positive side of axis 2 and were correlated with higher nitrate and flow values and high Cocconeis sp. density (r = 0.56). Sites 4, 5 and 6 (lower course) in December and February were situated on the negative side, which were correlated with higher temperature values and Monoraphidium contortum, M. minutum and Trachelomonas volvocina density (r > -0.5).
Discussion
During the study period, the rainfall regime in the Almada River Basin was characterized by a period of low rainfall (901 mm) compared to the historical data of annual rainfall total (1639 mm, May -April) (Torres et al., 2001 ). This period reflected the influence of El Niño, which resulted in rainfall below average in northeastern Brazil (CPTEC/INPE, 2010a) , mainly between November and March. The change in the precipitation regime had a dramatic effect on river flow (ANA, 2015) , in which case the Almada River was greatly reduced during the rainy season (December 2009 , January-March 2010 . In rivers, the phytoplankton dynamics is mainly determined by the flow, which directly influences on the water turbidity and nutrients concentration (Allan and Castillo, 2007; Reynolds, 2000) and, stretches with low flow are more favorable to the community development (Reynolds and Descy, 1996) . In this study, climate and hydrological change had a strong influence on the limnological conditions and phytoplankton structure. The limnological conditions in the Almada River can be influenced by human activity in the river basin, especially due the nutrients supply from point and diffuse sources. These conditions can explain the high orthophosphate concentration in the river (on average 185.6 µg L -1 ). The phosphorus contribution to the ecosystem can be from widespread dumping of untreated domestic sewage in the river and lixiviation of fertilizers derived from cocoa plantations and pastures, as observed in other study (Leite, 1994) . According to Hilton et al. (2006) , the eutrophication in rivers is due to high orthophosphate concentration. The hydrological variability was also a determinant of limnological conditions because flow reduction had a strong effect on the nutrient concentration in the rainy season, mainly in December and January.
The limnological conditions (increasing values on the temperature, P-PO 4 , DIN) and reduction the flow in the rainy season were important factors favorable to increased phytoplankton biomass and density. Another important aspect observed was the tendency to increase the phytoplankton chlorophyll a from upstream to downstream in both seasons. In contrast, the phytoplankton density showed only similar relationship in the dry season, because during the rainy season high density (mainly of Chlamydomonas sp., X2, and Geitlerinema splendidum, S1) was found at upstream, as evidenced by Figure 5b and CCA. The high phytoplankton density at site 1 during the rainy season may be associated with the morphometric characteristics of the river stretch (shallow -1.3 m on average and the similarity with a small lagoon with standing water). In tropical river, Soares et al. (2007) observed the highest chlorophyll a concentrations in the headwaters of the Pomba River, but the stretch of river mentioned had high nutrients concentrations. Moreover, in the middle and lower course of Almada River occur dense free floating macrophyte stands [Eichhornia crassipes (Mart.) Solms and Pistia stratiotes Linneus], especially downstream of urban area and villages during the rainy season. Therefore, macrophytes can reduce light availability for phytoplankton (Reynolds and Descy, 1996) when in dense stands and Table 2 ). Table 2 . Pearson correlation of phytoplankton descriptor species (relative density ≥ 15% of the total density in each sampling unit) with canonical axis and their respective relative density.
The descriptor species with the higher density in each sampling unit is into their functional groups (Reynolds et al., 2002) . Considering the phytoplankton descriptor species, the success of flagellate Trachelomonas volvocina (W2) was most likely due to the reduction of flow and accumulation of organic matter, especially in site 3 (with upstream effluents). Euglena variabilis (W1) was also the phytoplankton descriptor species during the rainy season (sites 1, 3 and 4). In lotic habitats, Euglenophyceae growth could be favored by decreasing the flow rate (Reynolds and Descy, 1996) and some species of Trachelomonas and Euglena can respond positively to increasing the nitrate and ammonium concentration (Rosowski, 2003) , as observed in this study. Futhermore, this algal class is often associated with the high quantity of organic matter in the aquatic ecosystems (Reynolds et al., 2002; Rosowski, 2003) .
Code
The filamentous cyanophycean Geitlerinema splendidum (S1) was an abundant species during the study period, mainly at site 1 as evidenced by the CCA. The characteristics of standing water of this stretch could have favored the success of G. splendidum. This species inhabits turbid layers and tolerates the light deficiency (Reynolds et al., 2002) , and can also survive wide variations in conductivity. As noted in this study, site 1 presents high abundance of aquatic macrophytes, especially Nymphaea sp. (rooted with floating leaves). The macrophytes stands in this site may have reduced light penetration, creating favorable conditions for G. splendidum. In tropical streams, Branco et al. (2009) also reported the occurrence of G. splendidum, which according to Komárek and Anagnostidis (2005) is considered a cosmopolitan periphyton species in lentic and lotic environments.
Bacillariophyceae showed high relative density in most sites and seasons, especially in site 2. This river stretch presents the highest slope (4.8 m km -1 ), which certainly increased water turbulence and this condition is favorable for diatoms because can result in re-suspension of species and nutrients. The high phosphorus availability in the environment can also be contributed to an increase in the functional group D (Nitzschia spp., Cyclotella sp.), which is associated with shallow eutrophic systems and turbid waters, and also appear to be tolerant to flow (Reynolds et al., 2002) . This group was also recorded in tropical river associated with turbulent and enriched waters (Soares et al., 2007) .
The high density of Chlorophyceae was verified during the period of low water flow. Most species of green algae require good nutrients availability to grow (Happey-Wood, 1988) . According to CCA, M. contortum and M. minutum were associated with the sites 4, 5 and 6 in October and December (rainy season), which were characterized by low flow and high values of ammonium and temperature (see PCA). Monoraphidium (X1) is associated with enriched environments and sensitive to nutrient (Reynolds et al., 2002) .
The present study showed that the rainfall during the rainy season (El Niño effect) decreased river flow and caused structural changes in phytoplankton. The flow reduction associated with high phosphorus availability promoted an increase of phytoplankton biomass and density. The functional groups were found to be characteristic of lotic system (D), shallow and enriched (X1), with low light availability (S1, Sn), rich in organic matter (W1), meso-eutrophic (X2, W2) and eutrophic ecosystems (X1, D) (Reynolds et al., 2002; Padisák et al., 2009) . The functional groups showed variations in spatial (upper, middle and lower course) and seasonal (dry and rainy) scales. We conclude that phytoplankton structure and functional groups were sensitive to changes in water flow and nutrient availability (seasons and stretches) in tropical Almada River.
